Globalisation and international trade facilitate the rapid spread and transmission of foodborne pathogens. This study was designed to determine the serovars, distribution of virulence genes (invA, avrA, ssaQ, mgtC, siiD, sopB, gipA, sodC1, sopE1, spvC, bcfC) and antibiotic resistance profiles in salmonellae recovered from imported and domestic day-old turkey poults in Egypt. The prevalence of salmonellae in the imported poults was 4% (6/150): S. Enteritidis was the most frequent isolate (1.3%; 2/150), followed by Typhimurium, Virchow, Larochelle and a non-typeable strain, each with 0.7%
Introduction
Bacteria of the genus Salmonella are an important threat to both human and animal health worldwide (1) . In the United States of America (USA), salmonellae are estimated to cause approximately 1,028 million illnesses annually, with 19,000 hospitalisations and approximately 400 deaths (2) . Currently, more than half of all human salmonella infections in Denmark result from international travel and consumption of imported food (3) . Worldwide, Salmonella enterica serovar Enteritidis (S. Enteritidis) and S. Typhimurium cause the majority of human clinical cases (4) ; however, serovars of other nontyphoidal salmonellae are often more prevalent in particular countries and result in more severe infections and outcomes (3) .
Outbreak data have indicated that salmonellae are strongly associated with poultry and that turkey is one of the top three foods that contribute to Salmonella foodborne illness (17%) (5) . Many Salmonella infections occur in people who handle contaminated turkey poults (6, 7, 8) . Numerous Salmonella serovars have been isolated from turkey flocks; some may be predominant for many years in a certain region or country and then disappear to be replaced by others (9, 10, 11, 12, 13, 14) . Such serovars have occurred in marked clusters, indicating persistent infection in hatcheries or introduction into one or more flocks at a certain time via infected day-old poults (12) .
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The widespread use of antibiotics as supplements for prophylaxis and growth promotion has influenced the selection of antibiotic-resistant strains of salmonellae at farm level during poultry production (15, 16).
With particular reference to poultry production, most research on characterisation of antibiotic-resistant salmonellae has focused on the phenotypic and⁄or genotypic variations in resistant isolates, mainly from broiler chickens and turkeys (17, 18, 19) . The dearth of information on turkey poults has resulted in the ecology of salmonellae in the turkey production system being poorly understood.
Investigation of the prevalence of Salmonella serovars that could pose threats to the turkey industry and human public health through importation of infected day-old turkey poults is important. To assess the virulence potential of Salmonella isolates from poults, the presence of 11 virulence-associated genes was determined: genes invA, avrA, ssaQ, mgtC, sopB, siiD, gipA, sodC1 and sopE1 associated with Salmonella pathogenicity islands (SPIs), the fimbriaerelated gene bcfC and the gene spvC from the spv operon associated with Salmonella pathogenicity. The repertoire of virulence genes in the isolates was determined, together with the antimicrobial susceptibility profiles.
Methods

Sampling
All samples from imported birds were sent to the Central Laboratory The sampling frame primarily covered holdings representing at least 80% of the total population of turkey poults, theoretically providing 95% confidence of detection of a 1% within-flock Salmonella prevalence, assuming an analytical method with 100% sensitivity.
Isolation procedure
Faecal samples were analysed for salmonella using culture methods as the gold standard in accordance with ISO-6579:2002 Annex D (20 
Salmonella serotyping
Typical Salmonella isolates were serotyped using antisera from Denka Seiken (Tokyo, Japan) and following the Kauffman-White serotyping scheme.
Antibiotic susceptibility testing using disc diffusion 
Detection of virulence determinants
Virulence genes were detected using polymerase chain reaction (PCR) amplification as described previously (23, 24, 25) . Amplicon sizes, gene functions, primers and conditions are shown in Table I . Isolates were screened for the presence of 11 virulence genes associated with pathogenicity in Salmonella: invA, avrA, ssaQ, mgtC, siiD, sopB, gipA, sodC1, sopE1, spvC and bcfC. No. 11092014-00039-EN 6/21
Results
Prevalence and serotyping of salmonellae
The prevalence of salmonellosis in the imported poults was 4% (6/150) and serotyping of the isolated strains indicated that S. Enteritidis was the most prevalent (1.3%; 2/150), followed by Typhimurium, Virchow, Larochelle and a non-typeable strain at 0.7%
(1/150) prevalence each. In contrast, the prevalence of salmonellae in the domestic poults was < 2% (2/150); the serovars of the isolated strains were Typhimurium and Altona, each with prevalence 1.3%
(1/150).
Distribution of resistance to individual antimicrobial agents
In total, five serovars were detected among the seven typeable strains.
Only two of the 14 antimicrobials (ciprofloxacin, colistin sulfate) were effective against all seven strains (Table II) . The frequency of resistance to the rest of the antibiotics was variable, the resistance patterns showing great diversity. Overall, the five serovars were resistant to more than one antimicrobial: in descending order, S. Altona isolates showed resistance to six of the seven antimicrobial classes, S. Enteritidis isolates showed resistance to five classes (penicillins, fluoroquinolones, phenicols, sulfonamides, tetracyclines) and S. Typhimurium isolates showed resistance to four (aminoglycosides, fluoroquinolones, phenicols, tetracyclines). The
Virchow and Larochelle isolates both showed resistance to aminoglycosides. The non-typeable strain isolated from imported poults was resistant to chloramphenicol, neomycin and tetracycline.
Virulence genes
All eight isolates (7 typeable, 1 non-typeable) were screened by PCR analysis for presence or absence of the 11 investigated virulence genes (Table III) . The genes invA and sopB (carried on SPIs) and bcfC (fimbria-related) were present in all the isolates (100% and bcfC in an imported strain and the combination invA, sopB and bcfC in a domestic strain. Ten of the 11 virulence genes were associated with the isolates from imported poults, whereas in the Typhimurium and Altona isolates from domestic poults sodC1, sopE1
and spvC were not detected.
Association of antimicrobial resistance phenotype with virulence-associated genes
The antimicrobial resistance patterns in the eight isolates in relation to the presence of the 11 virulence genes studied is shown in Table III .
The two imported Enteritidis isolates, with identical virulence gene repertoires, showed different antibiotic resistance phenotypes: both were resistant to chloramphenicol, neomycin, nalidixic acid, tetracycline, trimethoprim and trimethoprim-sulfamethoxazole but only one was resistant to ampicillin and norfloxacin.
Discussion
As a zoonotic foodborne bacterium, Salmonella has reservoirs in various animals, including poultry, which are considered a reservoir for salmonellae and a potential cause of disease outbreaks in the It has been noted that S. enterica subsp. enterica serovars and their antibiotic resistance patterns are affected by the age of the birds (32) .
The isolation of salmonellae in this study suggests that turkeys may act as a reservoir for these strains, which can be transferred to humans.
Isolates from turkeys have been reported as having high levels of antimicrobial resistance (10, 33) and as being more frequently resistant than isolates from other livestock species (10, 34). The global increase in resistance to tetracycline and streptomycin has been observed in salmonellae of animal origin (18); this is not surprising as these two antibiotics are among those most commonly used in production of food animals worldwide (35 (38) .
The occurrence and proliferation of antibiotic-resistant salmonellae in turkey poults may be the consequence of the practice of dipping hatching eggs in solutions containing antimicrobial agents (38, 39, 40) and/or the routine inoculation of day-old poults with antibiotics (39, 40, 41) . In the present study, all the serovars showed total susceptibility to ciprofloxacin and colistin sulfate, which are widely No. 11092014-00039-EN 10/21
In the present investigation, 10 well-recognised virulence genes with implications for human health (avrA, ssaQ, mgtC, siiD, sopB, gipA, sodC1, sopE1, spvC, bcfC) were screened by PCR assay, based on previous studies in Europe, the USA, Mexico, Africa and Asia (3, 25) .
These virulence determinants have been shown to be widely distributed among isolates of salmonellae recovered from animals, birds and humans, but with some diversity (3, 25) . The diversity in distribution could be explained by serovar specificity of virulence plasmids, such that not all plasmid-bearing serovars contain the virulence plasmids (44).
An important virulence factor located on a plasmid previously shown to be common among predominant nontyphoidal serovars of Salmonella spp. is the spv operon (45, 46) , which contains five genes (spvRABCD). Gebreyes et al. (47) found that one of the most important genes in this operon, spvA, is associated with MDR and the present findings support the hypothesis that occurrence of virulence factor spvA within a strain exhibiting specific MDR phenotypes may make strains clinically more relevant (46, 47, 48, 49, 50) . Carriage of spvA among MDR strains may increase the propensity of such strains to be of major veterinary relevance; this is a potential public health concern because transfer of this plasmid to susceptible isolates could render them more virulent and resistant to multiple antimicrobial agents.
It has been estimated that approximately 90% of all antimicrobial agents used for food animal production are administered at sub-therapeutic levels, as prophylactics or for growth promotion (51).
A limitation of the present study is that the number of isolates of each Salmonella serovar was very small. Thus, the study should be viewed as a first, exploratory step to identify serovars of salmonellae harboured by imported turkey poults, an issue of great public health significance.
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